standardized methods in breath gas analysis. Due to the large diversity in breath analysis techniques and the resulting impossibility of having a standardized practice applicable to all, the paper proposes to create standard procedures for the discrete steps of breath analysis, which can then be used as appropriate. It is a first step in the long road to introducing standardized practices in breath gas analysis.
Despite the wealth of published information on breath gas studies, some aspects have been largely overlooked. Identifying some of the most fundamental aspects of breath analysis in terms of methods and procedures is essential if it is to be elevated in its status as a routine diagnostic tool. The paper on 'Immediate effects of breath holding maneuvers onto composition of exhaled breath' provides breath researchers with indispensable information on how the mode of breathing can affect the outcome of the analysis. Sukul et al used on-line proton transfer reaction time-of-flight mass spectrometry (PTR-TOFMS) to analyse the breath composition of subjects during different breathing manoeuvres [6] . Their findings that VOCs are affected by varying degrees to breathing manoeuvres should be heeded by all researchers working in breath gas analysis to avoid misinterpretation of their datasets.
Another issue that currently hampers the development of breath analysis as a diagnostic tool is the lack of knowledge on the general composition of breath and the range of concentrations expected in healthy individuals, as well as how these are affected by physiological status. Some comprehensive and longitudinal studies have been performed to these ends [7] [8] [9] [10] , including several by David Smith and co-workers [11] [12] [13] [14] [15] [16] , but these are certainly not exhaustive. The paper entitled 'Changes in the concentration of breath ammonia in response to exercise: a preliminary investigation' by Solga and colleagues [17] demonstrates that some compounds, in this case ammonia, can vary dramatically with physiological status. Such changes present a substantial confounding factor in breath analysis, whereby a patient who has been physically active before providing a breath sample (perhaps having cycled to the doctor's surgery prior to donating a breath sample; cf Storer et al [18] , described below) might show reduced or elevated levels of specific compounds compared to someone at rest (e.g. a patient who has arrived by car). Equally the concentrations of common endogenous compounds can be subject to large inter-individual variations amongst the healthy population. Huang et al have focussed their attention on a series of aldehydes that have frequently received strong interest as disease biomarkers in breath. Their paper on 'Investigation of C3-C10 aldehydes in the exhaled breath of healthy subjects using selected ion flow tube-mass spectrometry (SIFT-MS)' [19] makes progress in generating typical baseline levels by quantifying selected aldehydes in 26 healthy volunteers and showing that most of the aldehydes under investigation were present in exhaled breath in trace amounts of below 3 ppbv, with some showing high inter-individual variability.
The quality and outcome of a breath investigation is highly dependent on the analytical equipment employed. Sub-optimal instrumentation can lead to unreliable results, thus it is of utmost importance that chemical analytical tools are well suited to the challenges presented by breath analysis. In their paper on 'Analysis of human breath samples using a modified thermal desorption-gas chromatography electrospray ionization interface', Reynolds et al [20] demonstrate that even minor modifications of analytical tools can yield substantial improvements in the quality of the data generated. By implementing two simple yet crucial changes to their secondary electrospray ionization mass spectrometer (SESI-MS) the authors achieved significant performance enhancements of their system.
A special issue dedicated to David would not be complete without some articles that utilize SIFT-MS. In addition to the aforementioned paper by Huang et al, Storer et al contribute a SIFT-MS paper entitled 'Mobile selected ion flow tube mass spectrometry (SIFT-MS) devices and their use for pollution exposure monitoring in breath and ambient air-a pilot study' [18] . The paper focuses on the effects of ambient air pollution on breath profiles and clearly highlights the influence of the environment on the composition of exhaled breath, which is another critical issue in breath analysis at present. Indeed some members of the population may experience extensive exposure to specific pollutants, which can disrupt their physiology and initiate adverse outcome pathways (AOP) that result in disease. Occupational exposure is one route for such situations. The investigation on 'Exploratory breath analyses for assessing toxic dermal exposures of firefighters during suppression of structural burns' by Pleil et al [21] demonstrates that the protective uniforms worn by firefighters significantly reduce exposure to aromatic and polycyclic aromatic hydrocarbon (PAH) compounds compared with other occupational groups. It also highlights that occupational exposure should not be overlooked as a potential major contributor to the exposome [22] .
We return to SIFT-MS for the next research article, this time with its use in disease monitoring, specifically for blood glucose levels in type 1 diabetics. In their paper entitled 'The use of a portable breath analysis device in monitoring type 1 diabetes patients in a hypoglycaemic clamp: validation with SIFT-MS data' Walton et al used SIFT-MS to validate a mixed metal oxide sensor used to monitor acetone in the exhaled breath and in comparison to blood glucose levels [23] . The paper is an excellent example of how some of the more sophisticated tools currently used in breath research can be utilized for evaluating newer and simpler technologies that have the potential for widespread implementation due to low cost and ease of use.
Biomarker discovery is, of course, the main objective of most current breath research. Dryahina et al investigated potential biomarkers in their paper 'Exhaled breath concentrations of acetic acid vapour in gastro-esophageal reflux disease (GERD)' [24] . In their study they utilized an in vitro model to identify specific volatiles that were subsequently searched for in the breath of patients and controls. They thereby gathered evidence that linked acetic acid to this disease, whereby significantly higher concentrations of this compound were measured in the exhaled breath of GERD patients compared to controls.
This special issue of Journal of Breath Research concludes with an article that focuses on a growing field in breath analysis, namely the investigation of volatiles in the headspace of cell (or bacterial) cultures for translation to characteristic signals in exhaled breath. In this case the article deals with 'Volatile emanations from in vitro airway cells infected with human rhinovirus' [25] . Schivo and colleagues investigated the aforementioned infected cells and could demonstrate that there was a differential expression of aliphatic alcohols and branched alcohols in comparison with control samples that could be potential biomarkers of the human rhinovirus infection. Studies such as these lay the foundation for eventual detection and diagnosis of such viral infections in exhaled breath.
This collection of high quality papers on varied aspects of breath analysis is representative of the great diversity, complexity and richness of this field of research. Many of the methods or scientific background described or discussed in these publications, be it instrumental aspects, ion chemistry, sampling methodologies, or exhaled breath compounds, are founded on knowledge acquired by the extensive contributions of David Smith to breath gas research. This special issue is a tribute to these achievements.
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